Objective: To determine whether B-type natriuretic peptide (BNP) levels in umbilical cord blood (UCB) and amniotic fluid (AF) are correlated with birth-weight discordances in monochorionic-diamniotic twins.
Introduction
Monochorionic twins are at an increased risk of perinatal mortality and morbidity, compared with dichorionic twins and singletons. 1 The vast majority of monochorionic twins have placental vascular anastomoses, 2 which are responsible for their poor outcomes. 3 Twin-twin transfusion syndrome (TTTS) is a serious complication that occurs in about 10 to 20% of monochorionic-diamniotic (MD) twin pregnancies. 4 Severe birth-weight discordance occurs more often in MD twins without TTTS 5 and is associated with an adverse perinatal outcome. 3 B-type natriuretic peptide (BNP) is released from the heart in response to pressure and volume overload. 6 The BNP or its precursor N-terminal prohormone BNP are used as diagnostic markers of cardiac dysfunction in neonates, as well as adults and children. 7 A recent report has suggested that the urinary BNP level is as useful as the blood BNP level for the diagnosis of heart failure. 8 Hypotension often occurs in very low birth weight infants at birth. 9 , 10 We recently reported that BNP levels in the umbilical cord blood (UCB-BNP) and in the amniotic fluid (AF-BNP) were correlated with cardiac dysfunction and hypotension soon after birth in singleton neonates, and small for gestational age (SGA) was an independent factor of increasing UCB-BNP and AF-BNP levels. 11 Although some studies have revealed that the BNP and N-terminal prohormone BNP levels in amniotic fluid are elevated in twins with TTTS and are correlated with cardiac workload, [12] [13] [14] [15] whether birth-weight discordance is also associated with the BNP levels in MD twins without TTTS remains unknown. The present study was conducted to clarify the relationship between birth-weight discordance and the BNP levels in the cord blood and the amniotic fluid.
Methods
The present prospective study was conducted between October 2007 and July 2011 after receiving the approval of our institutional review board. A total of 72 live-born twins with MD placentas born to 36 mothers at the Maternity and Perinatal Care Center, Hokkaido University Hospital, Sapporo, Japan, were enrolled in this study after excluding infants with chromosome aberrations, malformed hearts, congenital anomalies, intrauterine fetal demise and TTTS.
All pregnancies were examined by an ultrasonographic scan. Chorionicity was assessed in the antinatal period at a routine first trimester scan by composite parameters including number of placental mass, fetal sex, twin peak sign and membrane thickness, 16 and then confirmed at birth by placental pathology.
Birth-weight discordance was defined as a 20% or greater difference and calculated by using the formula (larger twin weightÀsmaller twin weight)/larger twin weight Â 100. 17, 18 SGA was defined as a birth weight less than the 10th percentile for normal newborn Japanese infants of the same gestational age at birth. 19 The diagnostic criteria for TTTS were based on the standard criteria: a polyhydramnios of X8 cm for the maximum vertical pocket in the recipient twin, an oligohydramnios maximum vertical pocket of p2 cm in the donor twin, a single placenta, a thin dividing membrane and similar external genitalia. 20 The in utero diagnosis of TTTS was confirmed using ultrasound at least once a week before birth. Dopamine was administered to neonates within 3 h after birth if they showed signs of left ventricular (LV) dysfunction on an echocardiography and/or a low systemic blood pressure even if significant patent ductus arteriosus was not present. Cardiac function in neonates was evaluated at the time of admission to our neonatal intensive care unit. Cardiac dysfunction was defined as a shortening fraction (SF) of <25%, a decrease in the mean velocity of circumferential fiber shortening. Hypotension defined as a mean arterial pressure of <30 mm Hg. 10 Samples of clean AF were aspirated from the sac using a fine needle before rupture of the membranes from 64 of the 72 infants delivered by cesarean section. UCB was obtained from 72 infants (36 sets of twins) just after cesarean delivery. Hemoglobin in UCB was studied. Chorioamnionitis was diagnosed based on the placental pathology.
Echocardiographic measurement
To assess the LV performance, the LV end-diastolic dimension (LVDd), the LV end-systolic dimension (LVDs) and the posterior wall thickness at end-diastole and peak systole were measured. The LV ejection time (LVET) was assessed using M-mode tracings of the aortic valve motion and was measured from valve opening to closing. LVET was corrected according to the heart rate by the square root of the time between two R waves interval (LVETc). The LV shortening fraction (SF) was calculated as follows: (LVDdÀLVDs)/ LVDd. The mean velocity of circumferential fiber shortening was calculated as follows: SF/LVETc. The parameter mean velocity of circumferential fiber shortening is an ejection phase index that is preload-independent.
Measurement of BNP
The BNP levels in the UCB and AF samples were evaluated using commercially available kits (E-test TOSOH II BNP; TOSOH, Tokyo, Japan). Once collected, the samples were placed on ice in chilled EDTA-treated tubes and centrifuged at 2330 g for 15 min at 4 1C; the BNP levels were then determined immediately.
Statistical analysis
The statistical analyses were performed using the log-transformed BNP levels. Maternal and neonatal demographics were compared between smaller and larger twins, as well as for non-discordant and discordant twins. For parametirc data, the Student t-test or the Welch t-test was used for intergroup comparison. The Fisher exact test was used for blocked comparison. Correlations between values were tested using the Pearson test. The BNP level for predicting infants with cardiac dysfunction at birth was evaluated using the receiver operating characteristic curve. A value of P<0.05 was considered significant. Prospective power analysis indicated that total 52 subjects would provide 80% power to detect a difference in the mean change from baseline between discordant and non-discordant twin. The statistical analyses were performed using R software for Windows, version 2.14.0 (The R Foundation for Statistical Computing; http://www.r-project.org), and the power analysis was performed using G*Power 3 for Windows, version 3.1.3.
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Results
A total of 72 samples of UBC and 64 samples of AF were collected from neonates born to 36 mothers without TTTS. The baseline characteristics are shown in Table 1 . Neither the UCB-BNP nor AF-BNP differed between the smaller and larger twins. Cardiac dysfunction was observed at birth in 14 of the 72 (19.4%) neonates, and a birth-weight discordance X20% was observed in 10 sets of twins (20 neonates).
The UCB-BNP and AF-BNP levels were significantly higher among the neonates with cardiac dysfunction at birth than without cardiac dysfunction (Table 2) . Although the UCB-BNP and AF-BNP levels were found to be significantly higher among twin neonates with a birth-weight discordance X20% (UCB-BNP: 141.6 (94.2 to 212.8) pg ml À1 versus 52.9 (42.4 to 66.0) pg ml À1 , P<0.001; AF-BNP: 38.0 (27.7 to 52.1) pg ml À1 versus 17.2 (13.6 to 21.7) pg ml À1 , P<0.001), these levels did not differ between the smaller and larger twins ( Table 2) .
The log-transformed UCB-BNP levels were significantly and positively correlated with birth-weight discordance among not only the larger twins (Pearson r ¼ 0.478, P ¼ 0.003, Figure 1 ), but also the smaller twins (Pearson r ¼ 0.403, P ¼ 0.015, Figure 1) . Similarly, the log-transformed AF-BNP levels were significantly and positively correlated with birth-weight discordance among the larger twins (Pearson r ¼ 0.533, P ¼ 0.001) and smaller twins (Pearson r ¼ 0.492, P ¼ 0.005, Figure 2) .
The cardiac dysfuction rate and dopamine use rate at birth in discordant group were significantly higher, compared with those in non-discordant group (Table 3) . The UCB-BNP and AF-BNP levels were significantly higher in discordant group than in nondiscordant group (Table 3) . No significant difference was observed in cord blood hemoglobin between non-discordant group and discordant group.
The optimal cutoff points for predicting cardiac dysfunction at birth were 132 pg ml À1 for the UCB-BNP level and 32 pg ml À1 for the AF-BNP level, as determined using receiver operating characteristic curve analyses. The UCB-BNP level of 132 pg ml À1 had a sensitivity of 71.4% and a specificity of 84.5% (area under the curve ¼ 0.80) for predicting cardiac dysfunction. Similarly, the AF-BNP level of 32 pg ml À1 had a sensitivity 69.2% and a specificity 82.4% (area under the curve ¼ 0.74).
Discussion
The present study has demonstrated that the UCB-BNP and the amniotic fluid (AF-BNP) are positively correlated with birth-weight discordance among not only larger twins, but also smaller co-twins without TTTS. Higher UCB-BNP and AF-BNP levels are consistently observed in fetuses and neonates with clinical signs of cardiac dysfunction [11] [12] [13] [14] [15] 22, 23 and were also confirmed in the 22 neonates with cardiac dysfunction in the present study. Our results suggested that in both the larger twins and the smaller twins, cardiac function was affected by an increasing weight discordance even in the absence of diagnosed TTTS. Twins with a larger birth-weight discordance have poorer prognoses; 3, 18, 24, 25 the risk of neonatal mortality among twins increases with birth-weight discordance;
3,18,24 and growth restriction in preterm discordant twins is an independent risk factor for major neonatal morbidity or mortality. 25 Cardiac dysfunction is common among low birth-weight infants, especially preterm twins, within the first hours after birth 9,10 and induces a low cerebral blood flow as a result of the inadequate autoregulation of the cerebral circulation, contributing to cerebral injury in neonates. 10 The high morbidity in discordant MD twins may be partly explained by inadequate cerebral circulation caused by the cardiac dysfunction and hypotension.
In TTTS, the smaller twin becomes hypovolemic and the larger twin becomes hypervolemic as a result of the transfusion of blood through the placental vascular anastomoses. 4 Similarly, birthweight discordance increases with increasing unequal placental sharing, unequally shared placentas resulted in twins without TTTS have large arterioarterial anastomoses, a larger net flow over arteriovenous anastemoses and a larger diameter of all anastomoses. 26 In TTTS, the renin-angiotensin system is activated and the renal secretion of renin is upregulated because of the chronic hypovolemia in the donor twin; thus, the renin-angiotensin system increases the cardiac afterload in the donor twin.
27,28 BNP gene activation actually occurs in vivo in response to angiotensin II-induced pressure overload in rats. 29 Furthermore, renin is BNP levels are shown as the geometric mean (95% confidence interval). Neonatal death was defined as the death of a liveborn infant within the first 28 days of life. Birth-weight discordance was defined as the difference in birth weights between the twins (in grams) divided by the weight of the larger twin (in grams) and multiplied by 100. Cardiac dysfunction was defined as a shortening fraction of <25%, a decrease in the mean velocity of circumferential fiber shortening (mVcfc) and/or hypotension defined as a mean arterial pressure of less than 30 mm Hg.
Relationship between discordant twins and BNP A Moriichi et al activated in both larger and smaller twins with a large birth-weight discordance, even in non-TTTS twins. 30 Thus, the increased BNP levels in the smaller twins may be partly explained by the activation of renin-angiotensin system and angiotensin II-induced pressure overload. Because hypoxemia is also known to trigger BNP release, 31 hypoxemia resulting from hypovolemia in the smaller twin may also facilitate BNP release. Meanwhile, renal renin expression in the recipient with TTTS is virtually absent because of hypervolemia. 27, 28 However, the plasma renin concentration is high in the cord blood of the recipient and does not differ between the donor and recipient twins. 28 The present study showed that the UCB-BNP and AF-BNP levels in both the larger and smaller co-twins increased with an increasing birthweight discordance. As BNP is released from the heart in response to pressure and/or volume overload, 6 the involvement of pressure Abbreviations: AF, amniotic fluid; BNP, B-type natriuretic peptide; BW, birth weight; UCB, umbilical cord blood. BNP levels are shown as the geometric mean (95% confidence interval). Cardiac dysfunction was defined as a shortening fraction of <25%, a decrease in the mean velocity of circumferential fiber shortening (mVcfc), and/or hypotension defined as a mean arterial pressure of <30 mm Hg. Dopamine was administered to neonates within 3 h after birth if they showed signs of left ventricular dysfunction on an echocardiography and/or a low systemic blood pressure. Relationship between discordant twins and BNP A Moriichi et al overload is considered to be a trigger for the release of BNP from the heart of the smaller twin. In neonates not affected by TTTS, the renin levels in the UCB were high in the larger twin and were correlated with birth-weight discordance among MD twins. 30 These findings allowed us to speculate that the recipient twins and the larger twins are exposed to renin-angiotensin system activation in response to renin transferred via placental shunts, irrespective of the presence or absence of TTTS.
Our study population was small and our non-discordant group included SGA infants. The BNP levels in non-discordant group were more increased because SGA is an independent factor of increasing the BNP levels. 11 Our findings may not be relevant to the neonates born by vaginal delivery, because the all population in the present study was born by cesarean section. However, our previous study showed that the UCB-BNP and AF-BNP levels do not differ in neonates born by cesarean section and those born by vaginal delivery. Another cardiac marker, cardiac troponin T, and the BNP levels are increased in the amniotic fluid of recipients with TTTS. 14 Further assessment of the possible correlations with cardiac troponin T and BNP should be evaluated.
11
In conclusion, the UCB-BNP and AF-BNP were positively correlated with birth-weight discordance in not only the larger twin, but also the smaller twin among MD twins in the absence of a diagnosis of TTTS. As the increased BNP levels reflect impaired cardiac function, severe weight-discordance may indicate the need for advancing treatment, such as termination or laser photocoagulation. Further studies are needed to clarify the mechanism of weight discordance.
